Introduction
In the production process of seafood (fish meal production, canning, etc.), management of odors is a major concern for both the industry required to control the nuisance and for residents expecting respect and enjoyment of * Corresponding author. their neighbourhood [1] [2] .
The industrial site of Anza includes four seafood manufacturers contributing largely to the odor nuisances in the tourist area; this is in addition to the port being a large source of fish supply whose contribution to the odor is significant. These sites are the source of various complaints from neighbors and more generally the whole tourist area.
With the aim to limit the impact of these odor producing sites on the neighborhood and tourist area, an odor audit was carried out. The odor audit allowed verification of odors generated from the designated sites and identification of emission sources at these sites. The results enabled the creation of a hierarchy of these sites and odor sources in terms of potential harm and nuisances. The ranking enabled an evaluation of each source and site to identify scenarios and their specific parameters (type of production, weather conditions, etc.) generating odors and resulted in data parameters of generating odor nuisances within short and long distances from the sites, as well as identifying solutions (operational and technical) that are optimal in the minimization of odors [3] . This odor audit has provided the industrial operational guidelines to reduce odors [4] . These approaches have allowed identifying suitable sites for the installation of the continuous odor tracking and monitoring system using six electronic noses and meteorological stations at six different sites.
This system allows incorporating manufacturers into the process of reducing odors and to allow their sites to be self-monitoring.
This system can also check in real time the level of air quality in terms of odor and analyse the relationship between perceived odors and emissions from industrial sites.
Methods
As part of the search for solutions to problems of frequent odors in the city of Agadir, an odor assessment on industrial units north of Agadir in Anza led to the identification, characterization and hierarchical categorization of sources of odors generated in the environment and the identification of parameters generating these nuisances. This odor analysis and impact tracking helped define the placement of a continuous system to track and monitor odors and integrate other stationary sources to assess the impact on the neighbourhood [5] .
Odotech's system, OdoWatch ® , like his architecture is showed in Figure 1 , was installed to serve as an integrated system for continuous measurement of odors, tracking in real-time, with odor alerts points to feed odor data to the operators before the odors reached these points. It includes six electronic noses and weather stations, a central server, an application of data processing, six odor monitoring computers distributed over the six sites, and AERMOD, an atmospheric dispersion software [6] [7] .
Merging meteorological data received from weather stations with those sent by electronic noses, the system models the atmospheric dispersion of odors and displays the odor plume in real time, this system is a tool that has helped inform the Industrial facilities and tailor their processes in order to reduce odors through self-monitoring, it allows them to receive alerts when there is a high probability of generating odors and identify the ones responsible for the odor complaints with proven and real time air quality verification [8] .
Description of the Sites
In this project, six sites were identified as being likely to generate odors. In the Industrial Zone (IZ) of Anza, there are five sites (1 to 5) like showed in Figure 2 . The sixth site is the port of Agadir, south of the IZ: Sites 1, 2 and 3, produce fish meal from fresh fish and fish scraps (guano) mainly from canneries, they store raw materials outdoors, for sites 1 and 2, the output is prohibited during the day and production usually begins in the evening as of 9 pm.
The fishing port of Agadir, a source of odor emissions, is potentially generating odors comparable to the smell of fishmeal plants, this fishing port has many outdoor areas for storage of fresh fish and an area specifically for loading and unloading of fish factories producing fish meal, on occasion there are large quantities of fish dumped directly on the ground (covering an area of over 200 m 2 ). The site 4 refines edible oil (soybean, sunflower, and olive), roasts coffee and distributes tea. On this site, the only potential source is the gas chimney emissions from the roaster. The site 5 is a cement plant that is closing and transferring activities to another region.
Setting up the Monitoring System and Follow-Up Procedure
An odor impact study was conducted to quantify the exposure of the population to odors emitted by operations on the identified sites by the following steps [9] :
• The first step was to characterize the odor emissions sources present on the sites. Odorous effluents were collected and analyzed by an olfactometer according to European standard EN 13725.
• The second step is to estimate the impact of these emissions on the neighborhood with a modeling of atmospheric odor dispersion. This step requires various data and information including a site survey, identification of odor sources, the configuration of the sources, the choice of an atmospheric dispersion model, the local meteorological data and topographical data [10] .
Region of Study
Agadir city is the capital in the Souss Massa Draa Region. The city has about 350,000 inhabitants, it is the main Moroccan beach resort and welcomes more than 750,000 visitors every year. The area of the study is a 15 km by 15 km zone that touches the main neighborhoods surrounding the industrial zone of Anza (IZ), Figure 3 shows the study area including the areas of emissions (the port of Agadir and the industrial Anza (IZ)) and impact areas (tourist area and Agadir city center). 
Meteorology
Prevailing winds are mainly from the west, west-south-west and east, based on the direction of the wind, it has been determined that they are very unlikely to cause odor transport from the IZ to the tourist area and the city center. However, the presence of the cornice is likely to create a preferential passage to the tourist area and the city center by winds coming from the west-south-west to south.
Results and Discussion
Odor samples were collected from each source mentioned above according to standard EN 13725 for olfactometry analysis [11] [12].
Odor Impact Study from the Entire Site (Scenario 1)
This scenario corresponds to the use of fresh fish on site, Table 1 shows the contribution rate and the odors coming from each site.
The sites present very high emission rates, which is largely due to the lack of a system for the treatment of gaseous effluents, except for Sites 3 and 5. According to the results presented, the odor emissions from Site 2 are particularly high compared to other sites. However, had Site 1 used fish more than 24 hours old, it would have brought the contribution of that site to more than 60% of total emissions, globally it can be seen that the plants producing fish meal are mainly responsible for the odor emissions (over 85.9%), however, it is necessary to clarify that there is no direct relationship between the emission rates and the impact generated by the odors [13] [14] . In reality, the physical characteristics of each site and their sources (height and flow rate), the meteorological conditions, all have an important influence on the odor nuisances generated [15] . Following the odor emission characterization of the different sites and the effect of storage time of the fish before its use in the manufacturing of fish meal, it was observed at Site 1 that there was a variance of 1000% between Scenarios 1 and 2, Table 2 shows Odor Emission from both scenarios.
The maximum hourly odor concentration is 272 o.u. E /m 3 in the industrial zone like showed in Figure 4 , it should be noted that the maximum odor concentrations are generally recorded during the night with low wind speeds of less than 1.5 m/s and the Agadir marina is exposed to odor concentration higher than 14 o.u. E /m 3 , 2% of the time. It is to be noted that at the sensitive receptors, the perception threshold (o.u. E /m 3 ) is exceeded between 28.4% (103 days/year) and 0.2% (17.5 hours/year). For the 5 o.u. E /m 3 threshold, frequencies are exceeded between 7.4% (27 days/year) and 0.1% (8.7 hours/year).
Odor Impact Study from the Entire Site (Scenario 2)
This scenario (with use of fish stored for more than 24 hours on Site 1) occurs less frequently than that presented in the previous section. In the industrial area, the maximum odor concentration is very high with a maximum of 4519 o.u. E /m 3 like showed in Figure 5 , more than 15 times the calculated values in Scenario I, at receptor located west of Anza's IZ at a distance of 120 m, the maximum concentration estimated is 585 o.u. E /m 3 . These high concentrations correspond to the impact from the use of fish stored longer than 48 hours on Site 1.
In Scenario 2, odor emissions from the Site 1 are 10 times greater than in Scenario 1. Consequently, the contribution of these emissions come mainly from receptors north of the IZ and in the tourist area. However, the residential area located in the Agadir marina and the cornice is heavily influenced by the port of Agadir given their proximity.
The installation of the real-time odor tracking and monitoring system that integrated all odor sources identified in the odor impact study enriches the strategy to reduce odor nuisances by measuring odors at the sources. Using this system allows the establishment of a real policy of minimizing odors by operators through the intelligent use of certain processing solutions and by providing a tool that verifies and measures the odors generated at the site(s).
This odor monitoring system displays the odor plumes generated by industrial sites every 4 minutes. It is married to a weather station to take into account the local meteorological conditions. This allows the operator to see the odor dispersion and reflects the odor levels that will perceived by residents (Figure 6) .
Zooming in on the alert points (representing sensitive receptors), the odor peaks as well as the sources that are causing the odor can be identified (Figure 7) .
The continuous odor monitoring system showed that the odors at the alert points vary depending on the location like showed in Table 3 , in fact, emissions from Sites 1, 2, 3 and 4 respectively contribute 98% and 41% to the average concentration of odors in residential neighborhoods located west and east of the district ZI. Eastern ZI is influenced by emissions from Site 5, given the proximity of the site.
By contrast, in the tourist area, close to the sea, the port of Agadir has a significant contribution to the odor impact ranging from 96% at the Agadir Marina to 43% at Sofitel hotel. Thus, we find that the sites responsible for odor nuisances, during normal production mode, are first the port of Agadir, second the Site 1 (especially in the tourist area) and then Site 3, especially in the city center. In addition to the odor emission rates at the sites, weather conditions have a significant impact on odor nuisance generated. It was found that the highest concentrations of odor occur when the winds are very low, less than 2.6 m/s [16] . At all sites, odor emissions are higher in the evening and at night than during the day as production Sites 1 and 2 only work at night.
A field monitoring campaign carried out from early April to late June 2012 by a team of odor observers in the tourist area, was done in order to obtain an accurate and quantitative understanding of all perceptible odors in these neighbourhoods, the results of this campaign were analyzed from a location point of view, the odor intensity and number of odor episodes associated fish processing plant at the port [17] .
The frequencies of observations by the team of barely perceptible odors, perceptible odors and very noticeable odor corroborated the results of the odor monitoring system.
In order to reduce the odor several solutions should be considered. The objective of reducing the odor emissions for each site by 80% is perfectly attainable. This reduction in emissions would reduce odor to the city center and the tourist area to a level below the odor perception threshold. The areas to consider solutions which can bring about a reduction in odor are twofold; at first business process and operations, in the second introduction of new technology [18] .
At the business process and operations level: • Optimization of production periods: favorable weather conditions favor the dispersion of odors (winds over 10 km/h and direction NNE to SSW).
• Minimize outside storage time of the fish from 48 hours to 10 hours.
• Optimization of flow rates and temperatures of chimneys: minimize the flow of exhaust gases and operating temperature (no optimization is currently in place and this is a factor in maximizing nuisances). At the technological level: • Cover the surface sources • Gas scrubbing: treating outlet gas by washing with sea water • Neutralizers: use odor neutralizers, especially for large odor sources.
Conclusion
After reviewing the characteristics of each of odor source and the sites described above including the objective of reducing odor emissions by 80%, we can conclude that the ongoing use of the continuous odor tracking and monitoring system has achieved the objective and contributes to the growth tourism in the city of Agadir Morocco and its reputation as a leader in air quality leading to a quality of life for its residents and visitors.
